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I. INTRODUCTION

An axiom of many simulation studies is that an outcome Y, or distribution
of outcomes G(Y|X), of interest can be computer generated using as input

experimentally derived data {Xj}jzl .

A commonly encountered procedure is one in which a set of experimental
data is considered to be a random sample from some underlying but unknown
distribution; this data is then modeled by a common statistical distribution
to provide a convenient representation (with a coincident loss of information),
and is then used as the basis for generating additional pseudo-observations
(Monte Carlo values). The intent inherent in this procedure is that the
pseudo-observations maintain the statistical structure of the original data
set.

The intermediate step of modeling or '"fitting" the data as a statistical
distribution is sometimes unnecessary and sometimes nearly impossible. For
example, for multimodal data or multivariate data, it is usually difficult
and often unrealistic to attempt to characterize the data analytically.
Because of this fact, there exists little, if any, guidance for the practi-
tioner who is confronted with data of this type. Notice, however, that to
serve as input for simulation, all that may actually be required is to provide
pseudo-observations that exhibit the same statistical characteristics as the
original data set, with no real necessity to formally characterize the
underlying distribution.

It is in response to this observation that the following research was
initiated and algorithm developed.

II. THE ALGORITHM

Let us consider the following situation addressed by Thompson and
Taylor;1 We have a random sample {xj}jzl of size n from a multivariate dis-

tribution of dimension k, and we want to generate pseudorandom vectors from
the underlying, but unknown, distribution that gave rise to the random
sample. Since we do not know, and usually will never know, the form of
this distribution, our attack should be empirical. We shall endeavor tc
see to it that our pseudorandom vectors look very much like those in the
original data set. In so doing, we will maintain the essential structural
integrity of the problem.

We now direct our attention to the mechanics of the algorithm. After
carrying out a rough rescaling to account for differing variances that may
exist among the k variates, we select at random one of the n data points,
say Xl, from the data base and then proceed to determine its m-1 nearest

neighbors. The nearest neighbors are determined under the ordinary Euclidean

1

J.R. Thompson and M.S. Taylor, "A Data Based Random Number Generator for a
Multivariate Distribution," Proceedings of the Twenty-Seventh Conference on
the Design of Experiments in Army Research, Development, and Testing (1981).
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metric. The value of m, which can best be determined after perusal of the
data, will depend upon the sample size n and the characteristics of the data.
A conservative estimate would be to choose m = n/20.

The vectors {Xj}jg are now coded about the sample mean X = 1/m I Xi

1

to yield {X;} = {Xj - i}jm and an independent random sample of size m is

=]’
generated from the uniform distribution U(1l/m - éiﬂéll- ,» 1/m + 3 m;l ).
m m

Now the linear combination
)
X! = u X!
g=1 A2

is formed, where‘{uz}zg‘1 is the random sample from the U(1/m - Yo, 1/m + Y ).

Finally the translation

X=X"+2X

restores the relative magnitude, and X is a pseudorandom vector which we
propose to be representative of the multivariate distribution that provided

the {X.}."
i i=1

To obtain the next pseudorandom vector we randomly select another of
the n data points and proceed as above.

We will now attempt to advance the algorithm by considering the mathe-
matics that suggests the mechanics that we have just outlined. Consider
the distribution of X1 and its m-1 nearest neighbors:

‘{(xlz,xzz, ""xkz)'}le = {X2}221° Let us suppose that this ''truncated set'

of random observations has mean vector p and covariance matrix o. Let
{ug}ng be an independent random sample from the uniform distribution

U/m - /%, 1/m + /= ). Then, E(u,) = 1/m, Var(u,) = (m-1)/m?, and
Cov(ui, uj) =0, fori#j.

Forming the linear combination



we haye, for the rth component z_ = U X g o+ UpX 5 b ..t WX, the following
relations
E(zr) =m o 1/m>-u =,
2 2
Var(zr) = 0.+ (m-1)/m W

Cov(zr,zs) = 0.t (m-1)/m - WM

1
Clearly, if the mean vector of X was u = (0,0, ...,0) , then the mean vector
and covariance matrix of Z would be identical to those of X. 1In the less
idealized situation with which we are confronted, the translation to the
sample mean of the nearest neighbor cloud should result in the pseudo-observa-
tion having very nearly the same mean and covariance structure as that of the
(truncated) distribution of the points in the nearest neighbor cloud, a con-
jecture substantiated in many actual cases that have been considered. For m
moderately large, our algorithm essentially samples from n Gaussian distribu-
tions with the means and covariance matrices corresponding to those of the
n m-nearest-neighbor clouds.

ITI. EXAMPLES

For a substantial test case, we considered a mixture of three bivariate
normal distributions. The first (Nl) has mean vector (:;) and covariance

1 -1/2
-1/2 1
( 1 1/2)- and the third (N,) has mean vector (

1/2 17 3
( 1 1/10
1/10 1

[+

); the second (Nz) has mean vector (—i) and covariance matrix

2
3/2

). The corresponding mixing scalars are @y = 1/2, a, = 1/3, and

matrix (

) and covariance matrix

3 = 1/6, respectively. To establish a data base, a sample of eighty-five

points was generated from this distribution via Monte Carlo simulation, and
appears in Figure 1; a sample of eighty-five pseudorandom values was then
produced by the algorithm, and the combined sample is shown in Figure 2.

Notice that the structure of the data is maintained in that the modes
are preserved; the algorithm has not attempted to fill in gaps where gaps
belong; the algorithm has, however, generated some points outside the boundary
of the convex hull of the data base, all of which are desirable properties.
These observations lend credence to the term ''structural integrity' mentioned
previously.

An application of the algorithm to a real world data set is summarized
in Figures 3 and 4. 1In Figure 3, a two-dimensional marginal of a set of 973
four-dimensional behind armor debris measurements is portrayed; in Figure 4
973 simulated data points are produced by our procedure. Once again, the
salient features of the data set are preserved.

(o]
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Figure 1.

Data base for a mixture of three bivariate normal distributions.
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Figure 3.

Marginal data for four-dimensional measurements.
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Data base for MLRS bomblets.
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Figures 5 through 7 display the results of applying the algorithm to a
data base of modest size. Here a set of 49 bivariate measurements on MLRS
bomblets shown in Figure 5 was supplemented by an additional 160 pseudo-
observations (Figure 6), with the results portrayed in Figure 7.

The FORTRAN program of the algorithm appears in Appendix A. This program
as listed produces plots using the IMSL Library; Figures 1-7 are plots produced

by DISSPLA.

IV. CONCLUSIONS

We have demonstrated a means of empirical random number generation
based on a sample of observations of a random variable X. No estimation of
the underlying density is required. And, because of the local nature of the
generation scheme, it is essentially free of assumptions on the underlying
density of X. Naturally, any attempt to use this algorithm for generating
bona fide new observations using the computer rather than producing real
world data would be unwise. Rather, the algorithm operates somewhat like a
smooth interpolator--- highly dependent on the quality of the data points
on which it is based. It gives us a means of avoiding nonrobust conclusions
due to "holes" in the data set at important points of the simulation model.
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APPENDIX A. COMPUTER PROGRAM
STEP 1. CREATION OF THE DATA FILE
Data should be created and stored as an MFA permanent file. This file should

contain the following information. Note: Let pl denote program limitations.

CARD 1. 5 INPUTS FORMAT COLUMNS

1. NUMDAT - number of input data points 14 1-4

pl. 5 < NUMDAT < 1000

2. NUMGEN - number of pseudopoints generated I4 6-9

pl. 5 < NUMGEN < 1000

3. IDIM - dimension n of n-space data I1 11

pl. 1 < IDIM< 8

4. NRANDM - random number seed I3 16-18

pl. 1 < NRANDM < 999

5. NUMPLT - number of plots requested 12 21-22
Note - all possible 2-d plots (NUMPLT = -1)
- no plots (NUMPLT = 0)
- r plots (NUMPLT = 1)

NUMPLT plots will be generated for both data and pseudo-observations.

pl. -1 < NUMPLT < IDIM(IDIM-1)/2

CARD 2 & CARD 3

If NUMPLT = r, request plots of variables X, vs. Y. by indicating j in Card 2
and the corresponding i in Card 3. J

Column 1
Card(2) Y1 Y2 cee Yr
Card (3) Xl X2 ce Xr

If NUMPLT = 0 or -1, cards 2 and 3 should not be included, otherwise information
on these cards would be used as data.

19



Card(4), Card(5) ... Card(NUMDAT)

These cards should contain data to be read in with F10.3 format. Data may
consist of a maximum of 8 variables X1 - X8.

Columns 1 -10 11 - 20 cee 71 - 80
Card(4) X1 Data x2 Data X8 Data
Card (5) X1 Data X2 Data X8 Data
Card (NUMDAT) X1 Data X2 Data X8 Data
STEP 2

Before the program can be run, the data file must be made accessible to the
MFZ with (PERMIT, PFN, MFZ).

STEP 3

To run the program create and submit the following 3 card MFZ job.

JOBNAME, STMFZ, T100.
ACCOUNT, XXXXXXX.
BEGIN, DBRNG, DBRNG, PFI = , PFO = , UN = » RJE = RJEXXXX.

Where

PFI
PFO
UN

file name under which the input data file is stored,

file name under which the pseudo data is to be stored,

user name identification for above two files,
XXXX = a 4 digit code designating a particular RJE, as the output device.

If omitted, then the central site will serve as the output destination.

20
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OO0 OO0 OO0 OO0 OO0

o000

T41S °R0GRaM PROOJYCES PSCJOIRANOIMN OBSERVATIONS FROM REAL

DATA FOR UNIVARIATZ AND AJLTIVARIATE CASES. THZ PScubO~-
RANOGM (OBSERVATIONS JILL 9YAINTAIN THE CHARACTERISTICS OF

THE REAL DATA WITYOUT ANY ODISTRIBUTION ASSUAPTIIN IN THE
O0PULATIIN FRIYM WHICH THE REAL DATA CAME., AN EXAMPLE OF
PROPER 'JSE OF THIS PRIGRAY JQULD BE IN THE CREATIIN JF PSE€UDO-
QANDOQOM QBSERVATIONS FIR INPUT TO A COMPUTER SIMULATION

43DEL.

CAJTION! THIS PRIGRAM 27&3 2T PRODUCE REAL 0ATA aND PRODUCED
PSEUDQRANDGOY IB8SZRVATIONS SHOULJ NIT 38 J5¢0 A5 SUCH.

NUMDAT- NUYBER JF INPJUT DATA PIJINTS

NUMGEN- NU4BER QOF PSEJODPJINTS TO BE GENERATED
I1DIM- NUMBER OF VARIABL:ZS IN INPUT DATA ST
NRANDM= RANDOM NUM3ER SEED

NUMPLT- NUMBER OF PLOTS REQUESTED

DATA- MATRIX HOLOING INPUT DATA SET

NPLT- MATRIX AJLOINS PLIT REQUESTS

OIMENSION DATA(LJ0U,10},°SEUDO(10005 101, NPLT(2540),ZMIN(10)
DIMENSTION ZMAX(10}

READ ANO WRITE INITIAL IN2UT VARIABLES

RSAD(8s 1000 INYMDAT)NUMGENs IDIM)NRANDM) NUMPLT
dRITE(5,2030)
WRITE(55 2049 INUMIAT)NJMGEN) IOI My NRANDM,NUMPLT

CHECK FOR INVALID VALJES JF INITIAL INPUT VvARIASLES

CALL CHECK{NUMDAT,)NUMSEN, IOIM) NRANOMsNUYPLT»NCrHECK)
IF(NCHECK.EQ. 116D TO 90
IF(NUMPLT.GT.9)G] TO 10

eSTABLISA NPLT FOR ALL POSSIBLE IDIM(IDIM=-L)/2 PLITS

CALL SETPLT(NPLT,IDIM)
GO T9 40

'JSER ESTABLISHES DESIRED 2LOTS
Y VALUZSS FIRST CARD, ZORRESPINDING X VALUES SECOND CARD

10 D0 20 X=1,2
READ(Bs1010)INPLTIKs L)L 21, NUMPLT)
2) CONTINUE

IF JSER DEFINFD, WRITZ PLITS REJIUESTED

WRITE(6»2050)

00 30 K=le2

WRITE(552070) (NPLT(KsL)rpL=l)NUMPLT)
39 CONTINJE

READ REAL OATA AND WRITE FIRST FIVE POINTS

40 D] 5G [sl,NUMDAT
RZAD(8+1020)(DATA(L»S)»isl,IDIM)
30 CONTINJE
dRITE(6y 204C)
00 50 I=1ys5
WRITE(6,»232C)(0ATA(Is Jsdsly [DIM)

50 CINTIMNJE

21



OO0 0 OO0 OO0 OO0 OO0 OO0 YOy O O«

OO

OO0

VARY T4E PANDOM NUMBER SEJUENCE USING INPUT VARIA3LE NRANDM

D0 70 <=1sNRANDM
RN=RANF (0)
70 CONTINYE

aRITE H4cADER FJR QUTPUT
WRITE(5,2000)

DETZRMINE THE CORRZLATIOIN MATRIXs MEAN AND VARIANCES FOR REAL 0aTa
CALL CIORREL(DATA,IJIM, NUMDAT)

STALE DATA SO THAT EACH VARIABLZ WILL CARRY EQUAL wZIGHT IN
THE NEIGHBIRHJIOO SELECTION PROCESS

CALL SCALE(DATAsNJYDAT,IOIMy ZMINsIMAX)
SENERATE NJMGEN PSEUDJIDATA PJINTS
CALL GNERAT(DATA,NUMOAT,NUMGENSIDIM,PSEJDO)

RESCALE THE DATA AND THE CORRESPINOING PSEUDOOATA T) THEIR
ORISINAL MAGNITUDES

CALL RESCAL(DATA,NUMDAT, IDIN,ZMINs ZMAX)
CALL RESCAL(PSEUDISNUMGENSIOIM,ZMIN, ZMAX )

dRITE 4EADER FOR JUTYT
WRITE(6,2010)

DETERMINE THE CORRELATIIN MATRIX, MEAN AND VARIANZES FUR PSEUDO~
DATA

CALL CIRREL(PSZUDI»IDIMsNUMSEN)

ARITE THE PScUDORANDOY O3SEAVAT[ONS ONTO A PERMANENT
FILE ( PSEJDO )

N0 A0 J=l,NUMGEN
WRITE(I,2020)(PSEJDD(JsL)pL=1,101IM)
8u CONTINJE

CALL PLOT RIUTINE IF REQUESTED,

IDUMY=TOIN*{{DTIN=-1)/2
IF(NUMPLT EQa =L INUMPLT =1 DUNY
IF(NUMPLT.LE.0)GD TD 30
CALL PLOT(PSCUDD,DATA, ZAINSZMAXSNPLT,NUYDAT, NUMSEN,NUMPLT)
90 CANTINJE

dRITE(5,2380)
STaP

1000 FORMAT{I4»1XsI4slXsIlsaxsI3,2X,12)

1v10 FORMAT(36I1)

1020 FARMAT(B8F10.3)

23G0 FJIRMAT(1H1,20%»*CIRRZLATIONSy MEANS AND VARIANCES DF INPUT JATA 58
+T0, /)

2010 FIRMAT(///7520%s "CIRRELATIONSs MEANS AND VARIANCES JF 2SEUDD DATA §
+ETY, /)

2320 FIRMAT(&Xs8(F12,3s3X]))

2030 FIORMAT(LIHL»&X» "NJUMDATY ,2X s *NUMGENY p3Xe ' IOIMI,3X, NRANOMY,
+2X 9 *NUMPLT 1)
2040 FORMAT(/,5X,5({4r4%))
2050 FORMAT(///,5%x'PLITS REQUESTED Y OVER X8,/)
2v6) FORMATU(//7/795X»0FIRST FIVE DATA POINTSt,7)
2070 FORMAT(9Xs358[2)
2080 FORMAT(LI41,' ')
END
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THIS SUBROJTINE CHECAS THe INITIAL INPUT DATA FIR VALUES
YHECH JILL CAUSE THE 2R35R4AM T3 FAILe FJR EXAMPLE NUMDAT
CAN BE A MAXIMUM OF 1uQu AS THg DIMENSION STATEMENT ONLY
ALLIWS FOR 1000 DATA POINTS. IF AN INCORRECT VALUE IS
DETECTED, NCHECK AILL BE SET TO 1. WHEN RETURNED A5 1
TYE PRIGRAY WILL STIP., [F RETURNED AS O THE PRIGRAY wILL
CONTINUE NIRMALLY.

OO0 O0

SUBROUTINE CHECK(NJMOAT) NUMGEN,IDIMy NRANDMyNUMPLTSNCHECK)
[F(NUMDAT,GTe1002, IR NUMDAT,LT.5160 TD 100
IF(NUMGENS LT« 5. OR.NUMSEN.GT.13CC)GO TO 200
IF(IDIM«LT.1.IR,IDIM.5T.B)GO TO 3Gu
IF(NRANDM.LECD)GI TO 400
Ks[DIM#(IDIM=-1)/2
IF(NUMPLT,.G6T.X)G] TO %530
IF(NUMPLT.LT.-11532 TO 5090
IF{IDIMaEQeleAND«VUMPLT.EQ.~1)G0 TO 500
NCHECK=)
RETURN
100 WRITZ(6,2000)
NCHECKs1
RETURN
200 WRITE(6,2010)
NCHECK=]
RETURN
300 WRITE(6,2020C)
NCHECKs=]
RETURN
40V WRITE(5,203C)
NCHECK=1
RETURN
507 JRITE(652040)
NC4ECK=1
RETURN
2009 FIRMAT(//7,5%,¢ (NVALLOD NUMBER QOF INPUT DATA PQINTS')
2019 FORMAT(//755Xs VINVALID NUMBER OF PSEUDJ OATA POINTSY)
2027 FIRMAT(/ /75 5Xe *INVALID DIMENSION N OF N=3PACE OATA')
2C30 FORMAT(//,5Xe P INVALLD SEEDY)
2040 FORMAT(/ /55X, *INVALID NUMBER QOF 2D PLOTS FOR OINENSION SPECIFIED!)
END

(g]

e X Xg]

C THIS SUBROJTINE INTIALIZE; THE NPLT MATRIX SO THAT ALL POSSIBLE

C 2-D PLOT CIMBINATIONS ARE CONSIDERED. THERE IS A TAOTAL OF

C IOIM(IDIY¥-1)72 PLATS 44IC4 COULD BE MADE. IN MAIN [F NUMPLTaC, NO
C PLOTS WILL BE MADE. [F NJMPLT==1, ALL PLJITS WILL 8Z MADE.

SUBROUTINE SETPLT(NPLT,IDINM)

OIMENSION NPLT(2,40)
Kel

[I=IDI4~-1
03 20 I=1,1I
JJsI+l
00 19 J=JJ,I0IM
NPLT(1sK)e 1
NPLT(2,K)=)
KsK+l

10 CONTINJE

20 CONTINUE
RETURN
END

23
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[aXgXs]

OO0 OO

[aNasNa)

[al OO0

OO0

THIS SUBROJTINE SCALES THE DATA SC THAT EACH VARIABLE WILL
CARRY ZQUAL WEIGHT [N THE NEIGH3IRHOOD SELECTION 2RICESS. THe
SCALED DATA JILL THEN B8E RETUYRNED TO MAIN. TH: PRJICESS JseD
Is ( X(I)-MEN(XCL)) ) 7 RANGE(X(I)) EQR EACH VARIABLE.

SUBROUTINE SCALE(TDATA,NSORT,IO0IN, ZHNIN,ZMAX)

- - > P e D e = S A A D = 5 s e e S P W - - -

DIMENSION TDATA(LIU0,10), ZMINCLIG)s ZMAX(LC)
INPUT FOR 3UBBLE 5IRY
NTJIPeNSORT~]

LJIP 44ICH SORTS IN SACH /JAR[ABLE ( NRANK ) AND THEN
SSTABLISHES ITS MINIYIY aND MAXIMUM ( ZMIN ) AND ( ZMAX )
RESPECTIVELY

00 10 I=l,IDIM
NRANKs[
CALL SIRT(TDATA,N3IRT,NTOP,NRANK,IDIM)
IMIN(I)=TDATA(L1,I)
IMAX(I)sTDATA(NSIRT,I)

10 CONTINUE

LOJP H4HICH PERFORMS THE ASOVE YENTIONED TRANSFOIMATION

07 30 J=1,NSIRT

DO 20 X=1,1I0IM

TOATACI ) K) = (TOATACI)KI=ZMIN(K) I/ {TMAXIK) =ZHIN(K))
20 CONTINJE
3C CONTINJE

RETURN

€ND

THES RIUTINE SORTS THZ DATA MATRIX IN POSITION NRANK

THE SORT USED IS A COMMON BUBBLEZ SORT WHICH wILL ESTABLISH
THE FIRST NTOP PJOINTS FROA SMALLEST TO LARGSST - dH:iRE
SMALLEST T) LARGEZST I3 DETERYINGED 8Y POSITIIN NRANK. NOTE
THAT WAEN AN SXCHANG: TAKSS PLAZE THE ENTIRE RO4 VECTOR,

SOME POINT (WsXsY¥seeord) IS EXCAANGEDse NOTS ALSO THAT O
REPRESENTS THE DISTANTS SJUARED COMPUTED IN EUCLID AND STIRED
IN POSITION IDIST,

SJUBROUTINE SIRT(SOATASNSORTs NTOP,NRANK,[DIM)

- — - - - - = - - - - - - - -

OIMENSION 5DATA(19Q3,10)

[DIST=[DI4+}

TAKE THE FIRST ['T4 vALUE AND CIOMPARE IT TOD THE [+1°'TH
VALUE. IF THE I*TH vALUE I3 SHALLER, EXIHANGE IT wITH
THE I+4L'TH VALUE $J THAT THE I'TH VaLUE I35 THEN S9MALLER.
THEN CNMPARE THE [¢TH VALUE 4ITH THE [+2°'T4 VALUE AND

50 3N.

307 30 I[=1,NTJ?
Lal+l
D3 20 J=sLeNSIRT
IF(SOATA(T )NRANK)LTL50aTA{J,NRANK)IGD TO 2C
07 10 <=1, IDIST
TEMP=SDATA(I, L)
SOATA(TI»X)a504TAl)ox)
SOATA(J,K)=TEMP

10 CINTINJE

2N CIONTINJE

30 CINTINJE
RETURN
END
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THIS SJBROJTINE DOES THE ACTUAL GENeRATIOIN JF THE PIEUDOCRANDOM

OBSERVATIONS, AND RETJRNS THEM IN A MATRIX ( PSEUDO ). THE

ALGORITHM JSED WAS DEVELOPED BY OR. JIM TADMPSON JIF RICE UNIVERSITY

AND DR MALCOLM TAYLOIR OF BRL.

SUBROUTINE GNERAT(OATA,NUMDAT, NUMGEN» IDIM, PSEUDD)
DIMENSION DATA(1000+10)»PSEUDO(10005s10)» AVERAG(LC)
DIMENSION TRANSD(23,10)

INITIALIZE THE MATRIX PSEJOO TO ZERO.

D0 20 L=1,NUMSEN
DI 10 K=1y IDIM
PSEUDC(L,X)=0,
10 CINTINUE
20 CONTINUE

ESTABLISA THE SIZE OF THE NEIGABORHOO0 DF NEAREST PIINTS TJ
3¢ USED IN &4 LINEAR CIMBINATION,

NEIGAB=sINT(FLIAT(NUMOAT)/20.)
IF(NEIGHB L T.5)INETGHB=S
IF(NEIGHB.5T.2))INZ1548220

[DIST YARKS THE COLUMN W4ZRE THE EUCLIDEAN OISTANCE SQUARED
dILL 3E STIRED.

IDIST=IDIM+]
INITIALIZE THISE DISTANCES AS ZSRD TO PREVENT COMPUTER ERROR
DJ 30 J=1,NUMDAT
DATA(J»IDIST)=),
30 CONTINJE
WEIGHT [S THE WEIGATING FACTOR TO BE JSED IN CALCULATING THE
MEAN QF THE NFIGHB NEAREST NEIGABORSe IT ALST SERVES AS TAHE

MEAN JF THE SPECIAL UNIFORM DISTRIBUTION uSED IN TrHc LINEAR
CIMBINATION,.

WELGAT=]l ./ FLOAT (NS IGH3)

UNADJ1 HELPS OEFINE THE UNIFQJRM DISTRIBUTION WITH MEAN
WEIGHT.

UNADJ1e (3o (FLIAT(NEISHID =1, )/ (FLOAT(NEIGHB) #42,))*%,.5

THE FILLOWING LJJ9 GENERATES NUMGEN PSEUDJIRANDOM
OBSCRVATIONS.

DJ 120 JJJ=1,NUMG:EN
INITIALIZE THE AVERAG ARRAY ACH TIME 4 NEW PJIINT IS CHOSEN.
D0 40 NSETsl,IDIM

AVERAG(NSET)=3,
) CINTINJE
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RANOOMLY PICK A DOATA POINT ( KCENTR ) ARQUND WHICH A
A NEIG4BOR4J3QD 4ILL 3c FIMED.

RN=RANF(J)
KCENTRs INT(RN®FLIAT(NUMDAT)) +]

ESTABLISH THE EUCLIDEAN DISTANCZ SQUARED OF ALL POINTS
FROM KCENTR.

TALL EJCLID(DATA,NUMDAT, IDIMsKCENTR)

SORT THE PIINTS IN THEIR EUCLIDEAN DISTANCE FROM
SMALLEST TJ LARGEST. IN THIS FASHION THE NEIGHB NEAREST
NEIGHBIRS 4ILL 9E CHOSEN.

CALL SORT(DATA4NUMDAT,NETIGH3, IDIST, IDIN)

TOMPUTE THE AVERAGE 0% YXyYplseee IN (X,Y525e00) JF KCENTR
AND ITS NEAREST NEIG439IRS

D3 6C I[=1,NEIGAHB
DJ 50 321, IDIM
AVERAG(J)=AVERAS(J)I+DATA(I»J)*WEIGHT
50 CONTINJE
60 CONTINIJE

CREATE A TRANSLATED DATA 3ET ( TRANSD ) TO 3& USED IN
THE CRZATIIN JF JNZ P9JINT.

03 80 4=1,NEIGAHS

D3 70 L=1,10IM

TRANSO(MsL )sDATA{ML)~-AVERAG(L)
70 CIONTINJE
83 CONTINJE

3ESIN THE LOOQP WHICH JREATES A NEW POINT 8Y TAKING
A LINCAR COMBINATIIN IF T4ec TRANSLATED 0DATA,.

DJ 10C IalyNEI5HY

ESTASLISH A RANDOY NUM3ER FROM THE SPECIAL JNIFAIRMY
DISTRIJUTIIN TO 3% MULTIPLIED 8Y QOME DATA VECTOR
(XprZn...l-

RNsRANF(0)

KNsRN$2%UNADJL+ (WS IGHT-UNADJI])

LJJ® J4ICH ADDS THZ TRANSFORYMED VECTORS TO CREATE
ONE NEWJ POINT

07 90 §=1,1DI%
PSEUDO(JJII»JIePSZINA(III,d) +RN¥TRANSD (I J)
90 CONTINJE
100 CINTINUE

LOJ® JHICH ADDS 34CK IN THE AVERAGE OF THz NEIG48IR400D
WHICH 4AS TAKEN A4AY FRNOM ( TRANSD )

D0 110 L=1,10I1
PSSJUDT(JIIIs L) =P ST UNYILIIL e LI+AVERAG(L)
l1v CONTINJE
120 CINTINUE
RETURN
SND
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TYIS SUBRCJTINE COMPUTES THE MEAN VECTOR, VARIANCE VECTOR
AND CJRRELATION MATRIX JF ANY MATRIX SUBMITTED TO IT. IT THEN
dRITES THIS INFORMATIIN IV 4ARD COPY.

SUBRJUTTINE CIORREL(CDATA,IDIM,NUMCIR)

DIMENSION CDATA(L1J00,10),SUMXI(1C)sSUMXY (10,100 VAR(1D),LINE(S)
DIMENSION AVR(10)sCIRR(10,10)s LINEL(4U)» LINE2(18)

INSURES OUTPUT NEATNESS

DATA LINE/ZOXLO, 020,038,000, 0X58,0X60,0XTt,1x8¢0/
DATA LINE2/CCrp V]V, tRISIR,IEN, LI, 1A0, 0T, 10, 008,IN, 1,
COMI AL, IT O 1R I8, 0 ey
00 10 I=lyr4v
LINEL(L)wt ¢
10 CONTINJE

INITIALIZE THE SJM OF X(I) AND THE 5UM OF X(I)*X(J) TO Z€RQO.

DO 30 4sl,IDIM
SUMXI(4)=0.
D3O 20 MM=1,IDIM
SUAXY (4, M4 ) =D,
20 CONTINJE
30 CONTINUE

COMPUTE THE SUM JF X(I[) AND THE SuM OF X(I)*X(J).

D3 60 I=1,NUMNCJIR

00 50 J=1,»1IDINM

SUMXI(S)=SUMXI(JI*COATALL,J)

KK=)

DQ 40 <=K<X,IDINM

SUMXY(JpK)mSUMXY (JsK)+CDATA(L,J)*CDATA(L,K)
40 CONTINJE
50 CONTINUE
60 CONTINUE

GET THE REAL VALUE 0OF THZ NJMBER OF POINTS CONSIDERZD.
WaNUMCIR

COMOYTZ THE MEANS AND SAMPLE VARTANCES IF XsYsZeee JF

(XDYDZOGo-)c

00 70 4=}, IDINM

AVR(M)aSUMXTI(M)/d

VAR(M)a (SUMXY (Mp M) /W=AVR(N)*&2,) %4/ (W=1s)
70 CONTINJE

ZOMPUTE THZ CIRReLATIIN 1F x({L) AND XxiK).

D0 90 L=1,IDIM
KKs=L
D] 30 <=K<»IDIN
CIRR(LoKI=sSUMXY (Lo K)=SUMXI{L)I*SUMXI(K)/V
CORR(LaK)=CORR(LIX)/ ((W=1a)®(VAR(L)*VAR(K))*%,35)
8C CONTINJE
99 CONTINJE
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C TAE FILLOWING ARE ALL AIDS [N WRITING THE INFORMATIIN IN
C AN ACCZPTABLE FASHION.

TcMP=sFLOAT(IDIM)
NTQe INT{TEMP/2.%9,)~5
ARITE(H9 2000V (LINELI(J) a1 yNTCH, (LINE2(I),I=4,18)
WRITE(5,2010) (LINCS(K)sKul,IDIM)
DO 100 Ie1l,IDIY
IF(IE2.IDIMIB] T] 110
Kal#l
WRITE(Ss 2020110 (CIRR(Js TV 9dsls I)s(CORR(INII» InK, [DINM)
100 CONTINYE
110 WRITE(5,202C)INIM%, {CIRR(JI,IIIM),JI=1,1IDIN)
WRITE(S5» 20301 ({LINS(K))»Kul,IDIN)
ARITE(5,2040) (AVR(1),I=1,I0IM")
ARITE(6,205C) (VARTJ),J=1l,IDIA)
2009 FORMAT(140,53al)
2010 FORMAT(/,9%,42,7(T7XsA2))
2020 FORMAT(//7»1%s'X*»I1s3Xs8(FB45s1X))
2030 FORMAT(///,7¢s8(13Xs42))
2040 FIRMAT(/»2Xs"MEAN'»IX»3(1XsFLlLle))
2050 FORMAT(/,2Xs%VARY,4Xs3(1X5FL143))
RETURN
END

THIS SJBROJTINE CALCULATES THE EUCLIDEAN DISTANCE
SQUARED BETWEEN KCENTR AND ALL OJTHER POINTS,

OO0 O

SUGRIUTINE EJCLID(OOATAs NUMDAT,»IDIM,KCENTR)

DIMENSION DOOATA(1000,10)

IDIST=I0IM+]

00 20 f£=1s NUMDAT

DSQAUAR=Q,

D3 10 L=1,yI0I™

D3 IUARsDSQUARS(DDATALISL)-DDATA(KCENTR,L))*e2,
10 CONTINJE

DOATA(J, IDIST)2DSQUAR
20 CONTINUE

RETURN

END

(o)

C THIS SUBROUTINE RESCALSS THE DATA ANDO PSEUDD DATA
C BACK T3 IT3 ORIGINAL 9YAGNITUDE.

DIMZNSION RDATA(13CO,10),2MINC10),2YaX(1C)

DI 20 J=1»sNUMBER

00 10 <=1, IDINM

ROATA(Is K)=aRDATA(J K ) * (ZNAK(K)=ZMIN(K) )+ ZMIN(K)
10 CINTINJE
2C COUNTINJE

RETURN

cND)
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THIS RQUTINE PREGARES FOR THE CALLING OF AN IMSL PLIT ROUTINE 352
THAT ALL RZQUESTED 2-) PLITS CAN BE MADE.

SJUIRIUTINE PLIT(PSEUDISIATA, ININSZMAXSNPLT,NUMOAT,)NUMGEN » NUMPLT)
DIMENSTON PSEUDO(L0JC»12),0ATA(LICCC,1C ) ZMIN(LL) » ZHAX(LD)
JIMENSION NUM(3 1 THEAD(20), IHEADL(22)» ITITLE(L44)JTITLZ(1e2)
DIMENSION X(1J00)sY(1000),IM4AGE(5151)»ICHAR(L1I)SRANGE(4)
JLMENSION NPLT(2,40Q)

ESTABLISH SOME HILLERITA STRING3 FOR CLARITY GF JUToUT,.

DATA NJM/110, 120,030,060 050, 180,171,180
DATA IAEAD/ 101, CA0, 0T, 040, 0 0, 0P8, 0q0, 10, 0NE, ITE, 050,10 1,
I N T T I X O S BRI Y
DATA THEADL/¥OT, 050, 020,00, 000,130, 1 €, 008, 130, 118, 080,¢T1,150,
N I I I R I I Y I I N N I Y )
DD 10 J=1s144
ITITLE(J)=? 9
JTITLE(Y )= 0
19 CINTINJE
20 20 I=1,2¢
L=I+3¢
ITITLE(L )= IHEAD(T)
29 CINTINJE
D3 30 J=1ls22
L=J+33
JTITLE(L)=THEADL())
30 CONTINUE
ITITLE(97) = X!
JTITLE(I?) =t X!
ITITLE(12A) st X2
JTITLz(12%)=0X!

SET VARIABLE VALJES ASKED FIR 3Y IMSL RIOUTINE
M=l
INC=1
[9PT=}

3EGIN L00° WHICH PLOTS FIRST T4E DATA aND THEN THE PSELDD JATA IN TWO
SEPZRATZ PLOTS FIR A SIVEN X(I) AND X(J)

00 60 J=1,NUNPLT

K AND L ARE THE X{Y} AND «(X) COCRDINATES RESPeCTIVELY

KeNPLT(1,4)
LaNPLT(2,J)
SSTABLISH THE END 23[NTS JIF THE X AND Y AXES.

RANGZ(L) wZMIN(L) ~o 1O#(ZVAX(L)=ZMINI(L))
RANGE(2) = T9AX(L) #410%(Z9AX{L)I=ZMIN(L))
QANGE(3)a7NIN(K) =s LO*( ZMAX(K)=ZMIN(K))
RANGE(4) sZMAX(K) ¢4 1I*{ ZMAXIKI=ZMIN(K))

ASSIGN THE X AND Y VECTORS VALUES FOR PLATTING
03 69 JI=1»NJ¥DAT
X(IT)=DATA(JIsL)

Y(JL)=2dATA(J[»K)
40 CINTINJE

29



OO0

OO0

s NeNel

OO0

OO0

J0CTOR THE HEADING FOR & DATA PLIT AND SET THE JUTPUT CHARACTER

ITITLE(48) sNUM(X)
ITITLE(SS5)=NUM(L)
ITITLE(98) sNUM(L)
ITITLE(127)=NUMIK)
IC4AR(1)=tD¢

CALL THE IMSL ROUTINE w4ICH JILL GIVE BACK & 2=0 PLOT

IAsNUMIAT
CALL USPLT{X»Y»TAs IAsMyINC,ITITLE,RANGE, ICHAAR, IDIPT, IMNAG4, [ER)

ASSIGN THE x ANO Y VSCTIR3 VALUES FOR PLOTTING

D7 50 1281 ,NUNGEN

X(J42)sPSEUDO(I2,L)

Y{12)=PSEUDO(J2ZsK)
50 CONTINJE

DOCTOR TAE HEADING FOR A PSEJDODATA PLOT AND SET THE OUTPUT CHARACTER

JTITLE(49) «NUM(X)
JTITLE(S6)sNUM(L)
JTITLE(98)sNUN(L)
JTITLE(L27 ) sNUM(K])
ICH4AR(1)='P?
IA=sNUMGEN

CaLL THE I9MSL ROUTINE dAHICH JILL GIVE BACK & 2-0 PLOT
CALL USPLT(X,YsIA,TA,4,INC,JTITLE,RANGE, ICHAR, IOPT, IMAGH»IER)
60 CINTINJE

RETURN
END
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